A mbulatory blood pressure (ABP) monitoring is considered the gold standard to evaluate hypertension in nondialysis chronic kidney disease (ND-CKD) 1,2 because it provides a better correlation with target organ damage when compared with office BP. [3] [4] [5] [6] More important, ABP is superior to clinic BP (CBP) in predicting adverse outcome in ND-CKD population, including mortality, cardiovascular events, and progression of renal disease. [7] [8] [9] [10] [11] [12] All prognostic studies based on ABP have used a single set of measurements, which represents a potential limitation leading to inaccuracy in properly defining pressor and circadian profiles. As a consequence, incorrect classification of patients with BP at goal for daytime and nighttime ABP may lead to imprecise risk estimation. Noteworthy, although studies have demonstrated that ABP is reproducible in the short and long terms in essential hypertensive patients, 13 information is scarce on ND-CKD and limited to small studies carried out in patients with autosomal dominant polycystic kidney disease 14, 15 or in patients with advanced CKD. 16 These studies, moreover, have focused mainly on the persistence of altered circadian profile (nondipping status) over time although not providing data on the prognostic role of repeated ABP monitoring. Therefore, whether detection of altered ABP readings needs to be confirmed by additional ABP session over time in unselected ND-CKD population remains to be defined. This information is critical to reduce economic costs of ABP and to limit the discomfort to the patients.
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To this aim, we designed a prospective observational study to evaluate the enhancement of risk stratification provided by a second ABP monitoring performed 1 year apart in a cohort of ND-CKD patients.
Methods
This is a prospective cohort study of consecutive hypertensive ND-CKD patients referred to our renal clinic from January 1, 2006 to December 31, 2010. In our institution, ABP monitoring is performed in all patients with hypertension as part of the initial work up in Renal Clinic with a second ABP monitoring being offered to all patients after 1 year.
Patients were included in this study if they had CKD stages II-V, hypertension (systolic CBP, ≥140 mm Hg or diastolic BP ≥90 mm Hg or receiving antihypertensive treatment), ≥6 months of nephrology care, and a second ABP recording obtained 12±2 months after baseline. Exclusion criteria included dialysis or transplant, changes in glomerular filtration rate (eGFR) >30% in the previous 3 months, changes in antihypertensive therapy 2 weeks before ABP monitoring, atrial fibrillation or inadequate ABP readings. eGFR was calculated by using the CKD-EPI (CKD Epidemiology Collaboration) equation accounting for noncalibrated serum creatinine, as previously described.
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Our Institutional Review Board approved the protocol, and written informed consent was obtained from all patients before study enrollment.
Study Design
The primary aim of this study was to compare the prognostic role of 2 ABPs versus single monitoring in predicting renal outcome. During the interval between the 2 sets of ABP measurements, no specific indication for hypertension management was provided to participating nephrologists, who could adjust treatment according to office readings, ABP or both at baseline or office BP during the elapsing visits. Patients were always followed up by the same nephrologist who prescribed antihypertensive medications. After second ABP, information was collected about the renal end point defined as the composite of death, end-stage renal disease (ESRD) or eGFR decline ≥40%, which is now accepted as an adequate surrogate of hard renal end point. 17 ESRD included chronic dialysis or kidney transplant. For survival analysis, we considered the time from the day of second ambulatory BP (start date of follow-up) until ESRD, death or eGFR decline ≥40% whichever occurred first with data censored at that point; patients without events were followed up until December 12, 2014 and censored on the date they had the last clinic visit.
Data Collection
Medical history, laboratory, clinical, and therapeutic data were collected at baseline and at visit when the second ABP was performed. CBP was measured in a sitting position 3 times at 5-minute intervals during the visit by the same physician who was not aware of the results of the ABP recordings. CBP was reported as mean of the 6 values recorded in the 2 consecutive days in which the ABP device was installed and removed.
ABP was obtained on a workday and under regular antihypertensive treatment, as previously described [9] [10] [11] ; briefly, the monitor (Spacelabs 90207) recorded BP every 15 minutes from 7:00 to 23:00 hours and every 30 minutes from 23:00 to 7:00 hours. Daytime and nighttime periods were derived from the diaries recorded by the patients. Patients had no access to the ABP values.
All patients received detailed instructions on how to limit salt intake (goal, 6 g NaCl per day). Patients were classified at goal for ABP when 24-hour, daytime, and nighttime BP were <130/80, <135/85, and <120/70 mm Hg, respectively 18 and at goal for CBP when values were <140/90 mm Hg. Nondipping status was defined as night/day ratio of systolic ABP >0.90. 19 A multivariable Cox proportional hazard model was used to estimate hazard ratio (HR) and 95% confidence interval (CI) for the composite renal end point. We assessed the role of each baseline daytime and nighttime systolic and diastolic ABP separately (model 1). To estimate the contribution of the second ABP, we added, for each component, the difference between second ABP and baseline ABP (model 2). We preferred to consider the difference between 2 ABPs rather than the absolute values of the 2 ABP measurements to avoid collinearity. Model 1 and model 2 were adjusted a priori for the following covariates recorded at month 12 (start of follow-up): age, sex, diabetes mellitus, history of cardiovascular disease, proteinuria, eGFR, number of antihypertensive drugs, and the difference from baseline in the number of antihypertensive drugs; the latter covariate was added to the model to verify whether risk estimates were influenced by changes in therapy. In both models, all first-order interactions were tested. We also evaluated the risk associated with daytime and nighttime BP at goal during the 2 ABP recordings by classifying patients in 4 mutually exclusive categories: both at goal (reference), only baseline ABP at goal, only second ABP at goal, and neither ABP at goal.
Statistical Analysis
From models 1 and 2, we evaluated the continuous net reclassification improvement (NRI) and integrated discrimination improvement (IDI) using methods accounting for censoring. 20, 21 NRI is the difference in proportions moving up and down risk strata among patients with event versus those without event when using the 2 ABP sets versus baseline ABP, whereas IDI is the difference in discrimination slope between 2 models, where the discrimination slope is the mean difference in predicted probabilities between patients with and without event. 22 The difference in c-statistics between models 1 and 2 was also computed using a modified version for censored data. 23 CIs of pairwise differences between c-indexes were calculated by bootstrapping with 1000 replicates.
Data were analyzed using SPSS version 12.0 (SPSS Inc, Chicago, IL) and survIDINRI, Hmisc packages of the R software version 3.1.0 (R Foundation for Statistical Computing, Vienna, Austria). Twotailed P values of <0.05 were considered significant.
Results
In our cohort of 219 white patients, only 23 (10.5%) did not have a second ABP (20 patients refused, 2 reached ESRD, and 1 died). Of 196 eligible white patients, 182 were included (Table 1) . Reasons for exclusion were inadequate ABP recordings (n=5), recent change of antihypertensive therapy (n=5), atrial fibrillation (n=3), and eGFR change >30% (n=1).
Demographic
During the interval between the 2 ABP recordings (12±1 months), patients attended a median of 4 visits (IQR, 2-5); in this period, eGFR decreased (P<0.001) by 2.4 mL/min per 1.73 m 2 (IQR from −6.9 to +1.8) and proteinuria declined (P=0.004) by 0.02 g/d (IQR from −0.25 to +0.06) without changes in urinary sodium excretion.
BP and antihypertensive therapy at the time of first and second ABP monitoring are presented in Table 2 . Systolic CBP at the time of the second ABP was on median 3.5 mm Hg lower (IQR from −15 to +7), whereas no difference was detected for diastolic CBP (median, 0 mm Hg; IQR from −10 to +7). Bland-Altman analysis indicated no evidence of systemic bias and no trend to vary for daytime and nighttime systolic and diastolic BP ( Figure S1 in the online-only Data Supplement). The mean change between the 2 ABP sets for daytime systolic BP was −0.5 mm Hg (median, −2 mm Hg; IQR, −9 to +10) and for nighttime systolic BP was −0.3 mm Hg (median, 0 mm Hg; IQR, −9 to +9) with limit of agreement of 29.0 and 26.1 mm Hg, respectively. Bias for daytime diastolic BP was −1.1 mm Hg (median, −1.5 mm Hg; IQR, −6 to +4) and −0.7 mm Hg (median, −1 mm Hg; IQR, −7 to +5) for nighttime diastolic BP with limit of agreement of 16.8 and 16.1 mm Hg, respectively. Overall, these changes did not induce a significant change in BP goal achieved for CBP and ABP with a moderate agreement between measurements for office and daytime BP goals (κ coefficients, 0.450 and 0.499, respectively) and a substantially greater agreement for nighttime BP goal (κ coefficient, 0.753; Table 3 ). Dipping status was confirmed across 2 ABPs in 74.7% of patients (54.4% nondippers and 20.3% dippers) with a moderate agreement (κ coefficient, 0.429).
On average, antihypertensive treatment did not change in terms of number of drugs and distribution of drug classes ( Table 2 ). The same held true for the dose of diuretic (furosemide: from 63±56 at baseline to 69±53 mg/d at month 12; hydrochlorothiazide: from 16±10 mg/d to 18±9 mg/d), as well as for the adherence to low-sodium diet (25.3% at baseline and 27.5% at the time of second ABP measurement; P=0.665). No change in antihypertensive therapy occurred in 89 patients (48.9%), whereas the number of drugs diminished (from 3.8±1.6-2.7±1.6) in 38 patients (20.9%) and increased (from 2.9±1.3-4.1±1.4) in 55 (30.2%). Daytime and nighttime BP did not change in patients with unchanged antihypertensive treatment; a reduction was observed in those who underwent intensification of therapy and a slight increase in patients receiving less medication (Table S1 ).
Outcomes
During follow-up (median, 43 months; IQR, 23-66), 104 patients reached the combined end point (33 deaths, 41 ESRD, and 30 eGFR decline ≥40%). The adjusted risk associated with ABP measures is reported in Table 3 . Baseline systolic ABP (daytime and nighttime) was significantly associated with renal events, with 8% to 9% increase in risk for each 5-mm Hg higher BP. The second ABP also contributed to risk stratification (model 2). Besides the effect of baseline daytime and nighttime systolic BP, the change in systolic BP between the 2 ABP recordings was also significantly associated with an adverse outcome; a similar weight was observed for changes in nocturnal BP (HR, 1.18) and diurnal BP (HR, 1.12). As depicted in Figure 1 , there was a linear association between changes in both daytime and nighttime systolic values during the second ABP recording and the risk of renal end point. No interaction was found between the change in systolic BP and baseline ABP (P=0.880 and P=0.803 for daytime and nighttime values, respectively) or between the change in antihypertensive therapy and the change in systolic BP (P=0.086 and P=0.132 for daytime and nighttime values, respectively). Similar findings were observed for 24-hour systolic BP (data not shown). The role of diastolic BP (daytime and nighttime) was irrelevant with an effect being limited to the change of nighttime value (Table 3 ). The prognostic effect of achieving target BP on either or both of the ABP is depicted in Figure 2 . Only patients having both ABP values above goal had an increased renal risk (HR, 2.15; 95% CI, 1.29-3.59 and HR, 1.71; 95% CI, 1.07-2.72, for daytime and nighttime goals, respectively).
When replacing in Cox models, systolic ABP with office readings, we found no predictive role of either baseline systolic office BP (HR, 1.00; 95% CI, 0.93-1.07) or the change in systolic office BP (HR, 1.06; 95% CI, 0.99-1.11).
Predictors of Outcomes
The risk estimates for each variable included in complete models (model 2) assessed separately for daytime and nighttime Table S2 . Besides ABP, we found that older age, female gender, and higher eGFR were all associated with lower risk of composite renal end point with a significant prognostic role of 24-hour proteinuria being evident only in the model including nighttime BP.
Renal Risk Reclassification
Systolic nighttime BP showed more evident improvement for renal end point prediction in c-statistics difference, continuous NRI, and IDI when compared with daytime BP (Table 3) . Indeed, a significantly positive NRI was observed only for differences in nocturnal systolic BP which reclassified 22.4% of patients. Although daytime systolic BP showed some improvement as demonstrated by the IDI, the estimate of NRI for daytime systolic BP was not significant and smaller than that for nighttime systolic (Table 3) . Adding nighttime BP information with a second ABP, the proportion of patients in whom the risk scores with the model 2 were higher than the risk scores with the model 1 was 57.9% among patients with event and 35.5% among patients without event. Changes of daytime and nighttime diastolic BP did not contribute to risk reclassification (Table 3) . Similarly, risk reclassification did not improve when considering changes of office systolic BP (∆c-statistic: 0.005; 95% CI from −0.004 to 0.015, NRI: 0.211; 95% CI from −0.245 to 0.368, and IDI: 0.007; 95% CI from −0.007 to 0.036).
Discussion
To our knowledge, this is the first study aimed at evaluating the prognostic role of 2 repeated ABP measurements in hypertensive patients with or without CKD. Previous studies have evaluated the stability of ABP measures in patients with autosomal dominant polycystic kidney disease or in those with advanced CKD (stages 4-5), but neither one of them provided any information about their prognostic value. [14] [15] [16] The main finding of our study is that a second assessment of ABP monitoring provides incremental estimate of the renal risk beyond the initial evaluation. Patients with increased systolic BP between the first and second ABP were in fact exposed to a greater risk independent of the systolic ABP level measured on the first monitoring, whereas those patients in whom ABP declined were at a lower risk (Figure 1) . A repeated measurement of ABP after 1 year, as recommended by guidelines for essential hypertension, 18, 24 allows to correctly reclassify as at-risk ≈22% of patients based on the nighttime systolic component of ABP (Table 3) . Results with daytime systolic BP were less consistent, as demonstrated by increased IDI values but nonsignificant values of NRI, thus confirming the superiority of nocturnal assessment over the diurnal measurements as previously reported in all cohort studies in patients with ND-CKD [7] [8] [9] [10] [11] [12] and further supports the value of ABP in this population because this technique is the only one currently available to measure BP at night. Of interest, the improvement in the risk reclassification was mainly correlated to the changes in systolic ABP; neither the diastolic values recorded at baseline nor the changes in either daytime or nighttime diastolic ABP predicted the composite end point. The improved risk stratification was not observed when using office BP measurements.
The benefit of repeated ABP recordings in refining prognosis is also evidenced by the results obtained when patients were classified on the basis of achieved BP target (Figure 2) . Classifying patients as high-risk based on baseline ABP would miss those individuals who subsequently achieved the daytime or nighttime goal because the renal risk of these patients was not different from those individuals whose BP was at goal on both ABP recordings. In addition, information provided by the second ABP identified patients with poorly controlled BP on both recordings who are truly at higher risk.
During the 12-month interval between the 2 ABPs, antihypertensive treatment was modified in ≈50% of subjects. Because our patients attended several visits during this period, it is difficult to relate changes in the antihypertensive regimen exclusively to their baseline ABP profile because some of these changes could respond to office BP values obtained during the visits attended in between the 2 ABP recordings. To exclude that this approach, inherent to the clinical practice, may have influenced the association with prognosis of the second ABP, we adjusted survival models for the changes of antihypertensive therapy between the 2 ABP sessions; we found that risk estimates for systolic BP change during daytime and nighttime remained unchanged, and there was no interaction between variation of antihypertensive therapy and ambulatory systolic BP changes, thus supporting its prognostic usefulness also in patients undergoing changes of BP-lowering drugs.
Few studies have evaluated the persistence of altered ABP across ≥2 ABPs in patients with CKD, and none of them related the ABP findings with outcome. Only 2 small studies have focused on the change in prevalence of dipping status across ABP recorded 1 year apart. In 30 autosomal dominant polycystic kidney disease patients with mild renal impairment, Covic et al 14 reported that dipping status (nocturnal fall above or below the median value of 10.6%) was consistently maintained in 63.3% of patients. Similarly, when ABP monitoring was performed serially in 4-month intervals in 34 patients with CKD stages 4 to 5, the dipping status did not change in 62% of paired examinations. 16 In those studies, the prevalence of patients persisting in the same dipping category was lower than the one we found in our study (75%) possibly because of the smaller sample size, and marked differences in the cause of CKD, age, and renal function.
Our work has some limitations; first, all patients were whites, and it is not known if the prognostic values of repeated ABP is generalizable to other races. Second, participating nephrologists were free to modify antihypertensive therapy on the basis of CBP, ABP, or both and as such, results of this study cannot be applied to patients where changes in the antihypertensive regimen are driven exclusively by either office or ABP results.
Perspectives
The results of this study have important practical clinical implications. The major reason to perform an ABP recording in patients with CKD is to identify patients with nocturnal hypertension, which constitutes a major predictor of cardiovascular events and progression to ESRD.
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